Fasting pancreatic glucagon was observed in Jamaican infants during malnutrition and subsequent recovery. Rehabilitation in two groups of children with isocaloric diets rich either in carbohydrate or fat produced no differences in the rate of weight gain. During malnutrition, plasma pancreatic glucagon concentration was 104 + 11 (n = 20) pg/ml (mean + S.E.) significantly lower than during recovery when the maximum value was 180 + 24 (n = 13) pg/ml during the later recovery phase. After clinical recovery glucagon levels declined to 127 + 13 (n = 15) pg/ml. Plasma insulin followed a similar pattern, increasing significantly during catch-up growth and declining after recovery. Slower rates of growth were associated with the simultaneous decline in the concentrations of both hormones after clinical recovery.
The metabolic regulation of energy production undergoes major alterations during protein energy malnutrition (PEM). Protein energy malnutrition is characterised by deficits in total body fat, total body protein, and reduced hepatic and muscle glycogen stores (3, 3 I), and develops after prolonged feeding a diet low in total energy and protein (32, 40) . With nutritional deprivation, endogenous sources of energy are mobilized. Antecedent diet affects body composition and hence the availability of endogenous energy sources (15, 3 1). Both insulin and glucagon are two major hormones that control endogenous fuel supply (I, 4, 13, 14, 16, 19, 22, 30, 52, 53) , insulin-inducing anabolic effects, modulated by the potent glycogenolytic, gluconeogenic, lipolytic, and protein catabolic actions of glucagon (1, 4, 14, 15, 16, 17, 18, 19, 21, 35, 46, 47, 48, 49, 52, 53) . Although the evidence is indisputable that plasma insulin levels are low in PEM (6, 7, 12, 29, 36, 41, 42, 50) little is known about the status of glucagon in malnourished infants. The physiologic and hormonal spectrum of prolonged starvation (1, 14, 15, 34, 51) may be compared with that of severe malnutrition, although it is not known whether the requirement for glucagon is the same in starvation as in malnutrition.
This study was designed to examine the effect of preceding diet and nutritional status on fasting plasma glucagon levels in severely malnourished Jamaican infants who were subsequently rehabilitated on one of two high energy diets known to promote rapid weight gain (19, 20, 25). Plasma insulin, growth hormone, and glucose levels were measured simultaneously because these are known to be interrelated with pancreatic glucagon in various physiologic states.
MATERIALS AND METHODS
Subjects and dietary treatment. Twenty children with severe protein energy malnutrition were included in this study. Their ages ranged from 6-20 months (median 12) and their % expected weight for height [Harvard standards (54) ] ranged from 52.6-83.6 (median 66.3). Professional review and approval of the proposed investigation was obtained from the Ethics Committee of the University of the West Indies.
During the first 3 or 4 days after admission to the ward, all malnourished children were fed the maintenance diet, calculated to provide sufficient energy and protein without permitting growth. The formula contained dried whole milk, sucrose, and arachis oil in water with a total energy content of 272.3 KJ per 100 ml of feed. (The composition of all the diets is shown in Table  1 ). During catch-up growth 1 1 children (Group A) were fed a recovery diet that contained dried whole milk, sucrose, and arachis oil in water with a total energy content of 578.9 KJ/100 ml. Nine children (Group B) were fed a recovery diet containing dried whole milk, sucrose, and cornstarch in water with a total energy content of 478.8 KJ/100 ml. Children in groups A and B were fed ad libitum until expected weight for height was reached (54) . All diets were supplemented with potassium, magnesium, iron, and folic acid. After clinical recovery, each child was given a mixed diet of meat, vegetables, fruit, and milk.
Eight-h fasting blood samples (6 ml) were obtained from the jugular vein at 10 am each morning, once during malnutrition, at weekly intervals during recovery, and once after clinical recovery. During recovery, intervals I, 11, I11 and IV referred to succeeding wk after the onset of high energy feeding, but V included either 5, 6, or 7 wk of final recovery because the duration of catch-upgrowth varied with each individual child. The blood was collected in two separate tubes as follows (1) containing EDTA (1 mg/ml) and (2) containing EDTA (1 mg/ml) and trasylol (500 KIU/ml). Tube (1) contained blood destined for determinations of plasma insulin, growth hormone, and glucose. Blood in tube (2) was prepared for plasma glucagon determinations. Glucagon was extracted as outlined in the method of Heding (27). The dried extracted glucagon was stored in small stoppered vials at 4°C and the plasma separated from tube (1) was stored at -20°C until ready for insulin, growth hormone, and glucose analyses. Eight-h fasting blood samples were obtained from 11 normal adults for glucagon determination.
Analytical methods. All plasma determinations were performed in duplicate. Glucose was determined by the method of Huggett and Nixon (28). Insulin was assayed by the double antibody method of ~g l e s and Randle (26) using reagents supplied in a kit from the Radiochemical Centre, Amersham. The method as recommended in the kit was modified for increased sensitivity in the range 1-25 pU/mI (31,41, 42). Growth hormone was assayed by (9)). This species of glucagon is also produced from the alpha cells of the gastric fundus and to a less extent from the duodenum (45, 55, 56) . Enteroglucagon from the cells of the post pyloric gut, (33) , which is immunologically and physiochemically distinguishable from pancreatic glucagon, (45) was not bein measured. Pork pancreatic glucagon standards Rate of weight change was calculated at the time of blood sampling as an average of the daily weight change expressed per kg body weight for 4-7 days. Calorie intake was calculated for the same periods. The significance of the difference between means was analysed by students t test.
RESULTS
There were significant differences in most of the variables measured during malnutrition and subsequent recovery. During malnutrition, fasting pancreatic glucagon, insulin, glucose, and the insulin/glucagon ratio were lower than in the recovery phases (Fig. 1) . Fasting growth hormone was significantly higher during malnutrition than after the onset of high energy feeding (Fig. 1) . A comparison of all variables measured in recovering groups A and B is shown in Fig. 1 . Rate of weight change and energy intake were significantly increased in both groups of recovering children with the highest values in phases I and 11, and declined steadily in subsequent phases (Table 2, Fig. I ). Energy intake was higher in Group A than in Group B (Fig. l) , but there was little difference related to diet in the rate of weight change in Groups A and B. There were slightly higher values for Group A in phases I, 11, and IV. Fasting pancreatic glucagon increased during the recovery phases in both groups of children but the mean values at each stage were higher in group A children ( Fig. 1 and 2 ). When the values for both groups were pooled, a progressive increase was shown, which declined after clinical recovery (Table 3, Fig. 3) . The values for plasma pancreatic glucagon in clinically recovered children were significantly lower than those in normal adults, 163.5 + 6 pg/ml (A = 11, P < 0.01). There were gradual increases in insulin levels as recovery progressed, but plasma insulin concentrations were approximately the same in both groups (Figs. 1,  3 , Table 3 ). Fasting plasma insulin showed trends similar to that of pancreatic glucagon (Fig. 1, Fig. 3) . During recovery the insulin/glucagon molar ratio showed a significant increase but the pattern varied in the two groups (Fig. 1) . In group A, there was a gradual increase through phases I, 11, and 111 and a decline in the later phases (Fig. I) . In group B, there was a significant increase in phase I which declined steadily in phases 11, 111, and IV. In phase V and after clinical recovery, the insulin/glucagon ratio again increased significantly (Fig. 1) . When the values for both groups were pooled, the i n s~l i n /~l u c a~o n ratio showed a significant rise in phases I and I1 (Table 3 ). This initial rise was more than 2-fold and steadily declined through phases 11, 111, and IV, but rose in phase V. After clinical recovery the insulin/glucagon ratio declined (Table 3) . Plasma glucose rose slightly during recovery and decreased after recovery, but there were no differences between the two groups (Fig. 1, Table 3 ). Plasma growth hormone was significantly decreased during and after ilinical recovery in both groups (Fig. 1, Table 3 ). of weight change and energy intake in malnourished (M), recovering (R) and clinically recovered (C) children. The R phase  has been subdivided into time intervals I, 11, 111, IV, and V' and the values for croups A and B ' Phases I, 11, 111, and V are weekly intervals. Phase V includes 5, 6, or 7 wk of the final recovery phase. w e a n + S.E. compared to M P < 0.01. Number of studies in parentheses. (10) states that "data on glucagon secretion in malnutrition are scanty and that none are available in young subjects." Our study supplies this information from malnourished Jamaican infants. We have found that fasting pancreatic glucagon levels, as measured with a highly specific antibody, are low during malnutrition and rise with recovery. After clinical recovery, fasting glucagon levels decline but they are still higher than the levels observed in malnutrition. Fasting plasma insulin follows the same pattern. Our study of hormone concentrations at intervals during recovery has revealed that both glucagon and insulin concentrations rise progressively as body weight increases.
Whether the metabolic adaptations to starvation, associated with changes in hormone concentrations are comparable to the adaptations in protein energy malnutrition is unknown. In some instances there are similar changes in hormone concentrations, as is shown for insulin, levels of which are consistently low in starvation (1 1, 13, 14, 15, 16, 30, 31, 51) and in malnutrition (5, 6, 7, 10, 36, 41, 42), which is confirmed in the present study.
The reports of glucagon status in starvation are conflicting. A transient rise in plasma glucagon in the first few days of starvation (I), followed by a steady decline to baseline levels as starvation was prolonged, has been demonstrated (34, 37) . Evidence of glucagon status in malnutrition has been obtained from experimental rat models. Rats fed for 3 wk on a 5% lactalbumin diet, known to promote clinical features similar to protein energy malnutrition, demonstrated increased circulating glucagon levels compared with controls (5). These rats demonstrated reduced serum insulin, thyroxine, and corticosterone levels: a hormonal spectrum that does not exactly conform to that of infant malnutrition in which elevated levels of glucocorticoids have been found (2). In spite of differences in the duration and degree of food deprivation, the animal species used, the experimental design, and the variable specificity of the antibody used in the assay for glucagon, there is enough evidence to suggest that glucagon responses in short and long term fasting may be different, and that there is a changing requirement for glucagon with the length of the fast. It seems reasonable to compare our results in infants who have become malnourished after prolonged chronic undernutrition, with the results of prolonged starvation in which a steady decline in peripheral plasma glucagon concentrations have been noted. Our results from malnourished children are in agreement with Marliss et al. (34) , and Buchanan et al. (I 1) who have shown a decrease in pancreatic glucagon levels with starvation.
